Eight water samples were collected from Lake Taihu in different areas from a cyanobacteria bloom area to submerged grass abundant area in Feb of 2005. Culture-independent 16SrDNA-DGGE fingerprinting and FDC methods were used to reveal the community structure and abundance of the bacteria changed with the eutrophication. The results showed that bacterial community structure was affected to some extent by nutrient levels. The abundance of the bacteria increased with nutrient levels, in the center of lake Taihu, the bacteria abundance was only about a 106 cellseseses/ ml of × ses,1# of at the,2# sample sites, the bacteria abundance was increased to about a 106 cellseseses/ ml of × s; However, The number of DGGE bands in water decreased with increasing nutrient levels from the low to high nutrient level area, at the 1# sample site, the main bands were about 23; In the submerged grass abundant area of 7#,8# sites, there had the most main bands about 33. PCA analysis of the DGGE profiles showed that bacteria in the eight waters belonged to three groups. Bacterial community structure changed in different water samples. This study demonstrated that with the water eutrophication increased the bacteria biomass increased but the diversity of bacterial community decreased in the freshwater shallow lake.
Introduction
Heterotrophic bacteria constitute an important part of the pelagic food web by mineralizing dissolved organic carbon (DOC) and converting dissolved matter into particulate biomass available to higher trophic levels through the "microbial loop" [1] . The evident is that analysis of the population structure is one prerequisite for understanding microbial processes in aquatic habitats. However, it has been estimated that only a small fraction of the total microbial population in the environment has been successfully isolated in pure culture [2] . Many environmental microorganisms cannot be cultured using current culture-based and traditional methods. The application of molecular biological techniques to microbial ecology have led to a greatly increased appreciation of microbial diversity [3, 4] , and has sparked interest in determining the factors that constrain microbial community composition and its variation in aquatic systems. Numerous studies have described the tremendous variability in the composition of communities of bacterioplankton among lakes, and a growing body of literature has begun to suggest possible causes of this variation [5] [6] [7] .
Lake Taihu (30º56´-31º34´N, 119º54´-120 º36´E) is a typical shallow freshwater lake, situate in the south of the Yangtze River Delta, is the third largest lake (2338km2, Fig. 1 ) in China [8] . The mean depth is about 1.90 m, the deepest less than 3 m. Since the 1950's, the water quality started to decline. The booming industrial development in the 1970's along with increasing population pressure, industrial and agricultural wastewater has been increasingly draining into the lake. Leading to excessive primary production. Eutrophication has caused significant changes in water nutrient(C, N, P) cycling, water quality, biodiversity, and overall ecosystem health. Microbes comprise the majority of aquatic biomass and are responsible for the bulk of productivity and nutrient cycling in aquatic systems and highly sensitive to environmental perturbations as well.
In the present study, using PCR-DGGE fingerprinting and FDC (epifluorescence direct counting) method to comprehensively reveal the predominant bacterial community structure in different aquatic habitat, in order to known how the microbe community changes with the nutrient levels in lake Taihu. To provide a convincible microbial indicator of lake eutrophic pollution is also a major interest of our study. (Fig. 1) . The positions were selected in different areas. The sediment at 1# 2# sites have been dredged in 2002 for the hyper-trophication; Since 1990, at 3# 4# sites were observed cyanobacteria bloom from May to October every year, 5# 6# sites are in the center of Taihu lake, there is very little cyanobacteria or submerged grass in this area and always influenced by the wind, for the sediment resuspending, the transparency is very low at times; There are abundant submerged grass at 7# 8# sites. All the water samples were collected at the 0.5m depth, the samples for FDC were fixed with a formalin solution (final concentration is 2%(v/v)) in sterile glass bottles; The samples for DNA extraction were kept at -20 ; Other samples were collected in acid-washed and water prerinsed Niskin bottles were immediately transported in thermo boxes and kept at 4 until analyzed. Water temperature, depth and illumination (Apogee Instruments, QMSS-SUN) were measured at the sample sites.
Materials and methods

2.1.Site description and w ater sampling
2.2.The abiotic index of the water samples analysis.
Water pH was measured by a pH meter with glass electrode. DOC was determined with Total Organic Carbon Analyzer (TOC-1020A, USA) according to the user manual provided by the manufacturer. Total nitrogen and total phosphorous measurement were determined by the alkaline potassium persulfate digestion-UV spectrophotometric method (Ameel et al, 1993) .
Chlorophyll a concentrations determined Samples (0.2 to 0.5 liter) were collected on 47-mm-diameter type GF/F filters (Whatman). Chlorophyll a was extracted in 90% acetone in the dark for at least 24 h at -20°C, and fluorescence was determined with a Turner model 10-AU digital fluorometer calibrated with chlorophyll a (Sigma) by using standard procedures.
2.3.Direct enumeration of bacteria.
Bacterial abundance observing based on Port [9] and modified: Take the fixed samples dilated and stained with 3μg per ml (final concentration) of DAPI. The stained sample was filtered through a 0.22-μm-pore-size blackened polycarbonate filter. The slides were prepared with non-fluorescent immersion oil and observed at magnification of 1600 by fluorescence microscopy using a Zeiss DAPI filter set. Fifteen microscopic fields 104 μm2 each were viewed and the bacterial counts were averaged and normalized to the total filtered area.
DNA extraction and purification
Congregation of samples Filtering 500ml sample water through 8-μm-pore-size (47mm diameter, Millipore) to separate nonbacterial particles, then used the 0.2-μm-pore-size white polycarbonate filter (47mm diameter, Millipore) pore size white polycarbonate filter to concentrate samples, stored the filters at -80 until analyzed.
DNA extraction Cut the filters, then added to 0.8 ml of autoclaved extraction buffer [pH 8.0, 100 mM Tris-HCl, 100 mM di-sodium EDTA, 100 mM sodium phosphate, 1.5 M NaCl, 1% hexadecylmethylammonium bromide (CTAB)]. Five microlitres of 10 mg ml-1 of Proteinase K was added and the mixture was incubated at 37 for 30 min while being shaken horizontally at 225 rpm. The proteins were denatured by the addition of chloroform-isoamyl alcohol and the DNA was precipitated in isopropanol overnight at room temperature. It was then pelleted by centrifugation, washed twice with 700μl of cold 70% ethanol, dissolved in 30 μl sterile, deionized water and stored at -20 .
PCR-DGGE analysis PCR on water DNA extracts was performed by using a GeneAmpTM PCR System 9700 (Roche Molecular System, Inc.), with primers for bacterial groups. The PCR mixture contained 0.4 μmol of each primer, 2μl (about 5-15 ng) template DNA, 400 μmol of deoxynucleoside triphosphates, 10μl 10 ×PCR buffer, 70mM magnesium chloride, 10 UTaq polymerase, and sterile deionized water to a final volume of 100μl. The primers used for PCR were F341: 5'40-GC-Clamp[CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG G] CCT ACG GGA GGC AGC AG 3 and R518 : 5 ATT ACC GCG GCT GCT GG 3 . The GC-rich sequence attached the 5 -end of primer F341 prevents the PCR products from completing melting during separation via DGGE [10] . PCR amplification was performed at 95 for 5 min, followed by 33 thermal cycles of 94 for 1 min, 56 for 1 min, and 72 for 1 min, and final single extension at 72 for 10 min. The size of the PCR product was visualized by electrophoresis in 1.2% agarose gels after ethidium bromide staining. Strong bands of approximately 230 bp were subjected to DGGE analysis. DGGE analysis was conducted using a DGGE system (DGGE com, USA). Samples of PCR product (30μl) were loaded onto 8% (w/v) polyacrylamide gels in 1×TAE buffer. The polyacrylamide gels were made with a linear denaturing gradient ranging from 40% denaturant at the top of the gel to 60% denaturant at the bottom (100% denaturant is defined as 7 M urea and 40% (v/v) deionized formamide). The electrophoresis was run at 150 V and 60 for 600 min. After electrophoresis, the gels were stained with SYBR Green I. To get a clear image, the gel was photographed with UV I photo system (Media com, USA). Photographs were analysed with Gel-PRO Analyzer software package. The dissolved oxygen in water varied very little, from 1# to 8# sample sites they were changed from 11.61mg/L to 12.51mg/L; But the transparency varied significantly (p<0.05), the highest transparency was 80 cm at 2# site, the lowest transparency was only about 15 cm at 4# and 5# sites; The water temperature (0.5 m depth) were recorded, there were very little different among them; Water pH ranged from 7.98 to 8.05. (Tab. 1).
Results
4.1.General water situation
4.3.Chemical analysis.
DOC concentrations were decreased from the alongshore to the open lake. The highest of DOC at 3# site was 8.34 mgl-1, the lowest at 5# site was 6.906 mg l-1, no statistically significance reached. TN concentration in these sample sites have significant difference (P<0.05). The highest concentration (3#, 4# : 9.63 mg l-1, 9.67 mg l-1, respectively) was in the Meiliang bay, the lowest appeared in the center of the lake (2.10 mg l-1, 2.97 mg l-1, 5#, 6# sites respectively)(Tab. 1). TP concentration variation was similar to the TN, the most concentration presented at 3# site, was 0.159 mg l-1, but the least site appeared at 7# site, was 0.079 mg l-1 only. The chlorophyll a concentration peaked at the site of 3# was 8.34 μg l-1 and then declined from the bay to the center lake (Tab. 1), the lowest site was only 2.38 μg l-1 at 5# site in the center of the lake, there were significant difference (p<0.05). 3.2. The abundance of bacteria Abundance of bacterial in the Meiliang bay and Wuli lake were found significantly higher than that in the center of the lake (P < 0.05), The bacterial abundance of positions 1#-4# sites were about 5.3×106cells/ml, but in the center of the lake, the abundance of bacteria was decreased obviously, there was only about 2.8×106 cells/ml in 5#, 6#sample sites; In the macrophytes growth area, the number of bacteria had a bit increasing compared to the center of the lake, there were about 3.3×106 cells/ml. (Fig. 2) Figure 2: Variation of bacteria abundance at different sample sites
4.4.PCR-DGGE analysis of bacterial community structure.
The strength of DGGE as a screening method for diversity is its ability to monitor spatial and temporal changes in community structure in response to changes in environmental parameters. Bacterial DGGE profiles generated from the universal bacterial primers (F341 and R518) revealed the structural composition of communities in water samples (Fig. 3) . Each of the distinguishable bands in the separation pattern represents an individual bacterial species. 8# site showed the most complex DGGE pattern with 33 visible bands, indicating the presence of a high number of different bacterial taxa. The visible band numbers of DGGE patterns of all other samples were 23-27 with a decrease of 15-30% compared with sample 8#. 1# showed the simplest DGGE pattern with 23 visible bands. The least bands were found in water sample 1# indicating the sludge dredging decreased nutrients and microbe diversity as well. 
4.5.PCA of DGGE profiles.
PCA of the profiles revealed that there were very large differences among the profiles of the water samples (Fig. 4) . The obviously character was found the profiles of all samples could be divided into three major groups. The profiles of sample 1# similar to sample 2#. The profiles of the other six samples were separated into two major groups; Profiles of samples 3#, 4#, and 5# into one and profiles 6#, 7#, and 8# into another group. All these indicated that the bacterial communities in the water of different samples changed greatly. Figure 4 : PCA of DGGE profiles.
Discussion
In aquatic ecosystems, bacteria is an important link for transformation, transference and recycle of substance, bacteria play a pivotal role in the breakdown and mineralization of organic substance process, which form the base of a heterotrophic aquatic food chain [11] . At the same time, microbial population and community always changed in response to environmental perturbations, so it can be as a biological indicator in aquatic environments [12] . It's meaningful to make clear the relationship of bacteria community and the surrounding water environment.
5.1.Bacteria abundance in different areas.
Bacteria is the decomposer in the nature, its richness affect the substance circulation speed of ecosystem. Bacterial abundance changed in different areas in lake Taihu. Results from our directly counted through epifluorescence microscope illustrated that: the bacteria abundance declined from the hyper-trophic area to the low nutrient level area (Fig. 5) . For the Liangxi river and Zhihu river both on the tip of Meiliang bay, which bring much nutrient to the bay. N and P had not been the limited factors for planktonic bacteria's growth in the Meiliang bay [13] . Moreover, the cyanobacteria bloom every year in this area, the exudates produced by phytoplankton provided amount of organic substrate for bacteria growth; At the same time, plenty of bacteria improved the decomposition of phytoplankton and other organic substance. The interactional effect engender sufficient DOC, which caused the bacteria abundance increased significantly. Its no wonder there had the highest abundance of bacteria in the Meiliang bay. which was in hyper-trophic state in 1990's, it was dredged three years ago, nutrients in this water column was lightened to some extent (Tab.1), and the cyanobacteria bloom disappeared in the last years. However, in the center of Lake Taihu, since there is little phytoplankton or macrophytes, and the water column was almost not disturbed. Nutrients in this area is the lowest in lake Taihu (Tab.1), the least bacteria abundance was here too. Like other plankton components, bacterioplankton density was positively correlated to productivity, such as nutrient concentration, dissolved organic carbon, chlorophyll a, and primary production. In oligotrophic conditions, inorganic nutrients may limit bacterial growth. Generally, P concentration is considered to be limited factor for the bacteria abundance in water column [14] ; Other studies showed that N is likely the limited factors for bacteria growth in water [15] . In the natural aquatic environment, the limit of N/P ratio is variable along with the organic matter change in different habitats . Its not very well or truly if only take N or P into account for bacterial growth. Previous work on 13 Wisconsin lakes suggested that, two dominant forces might structure freshwater bacterial community composition: system productivity and dissolved organic carbon (DOC) [7] . 
5.2.Differences in the bacterial community composition in the different areas.
PCR-DGGE characterize the bacterial community composition in different areas of the eutrophic large shallow lake. These techniques could be associated with possible biases introduced by PCR, such as chimera formation [16] , heteroduplex formation, template annealing, and differences in copy number of 16SrDNA [17] . Despite these disadvantages, PCR-based approaches have provided valuable information which allows us to compare the communities in different environments. In addition, the physicochemical properties and the bacterial cell abundance were studied at the same time.
Different bacteria has distinct metabolic function, the variety of microbe community affect decomposition of matters in the aquatic ecosystem, and the habitat changes can alter the composition of microbe community as well. The results illustrated that the bacterial communities clearly differed in the areas. The DGGE results demonstrated that the bacterial community structure in submerged macrophytes area and sludge dredging area had significant different, and the dominant bacteria diversities were different obviously too. Because of cyanobacteria bloom every year, on the one hand, in this habitat might be formed preponderant population on the ample nutrition; on the other hand, microcystin significantly increased compared with the other areas in the Meiliang bay, some species could not survived in this habits, so the bacterial diversity decreased [18] . However the aquatic macrophytes absorbed amount of nutrients, and other venenous and hamful substances can be accumulated and translated by the macrophytes [19] , so they formed feasible habitat for more species bacteria grow in the this area. The DGGE profiles reflected the bacterial community's transformation in lake Taihu. Bacterial diversity and succession in freshwater lakes had been examined by some people. Katleen [20] investigated the phylogenetic composition of bacterioplankton communities in the water column of four shallow eutrophic lakes by partially sequencing cloned 16SrRNA genes and by PCR-DGGE method, and reported that in eutrophication index bacteria abundance(×10 6 cells/ml) different trophic levels, the bacteria community diversity changed obviously. From the PCA analysis results, it could be found that, in addition to the nutrient levels altered the bacterial community. The water current of wind induced in the lake maybe an other critical factor. Through the nutrition transported by the current, the bacterial community distributing structure formed in lake Taihu. The results of demonstrated the community variety (Fig. 4) , coming into being this special structure.
Conclusion
PCR-DGGE and FDC methods are effective tools to monitor the abundance, diversity and dynamics of bacterial community in eutrophic large shallow lake. The results indicted that with the water eutrophication ascended the bacteria biomass increased but the diversity of bacterial community declined in this process in Taihu lake. However, the simple knowledge of microbe diversity and abundance in an environment helps part of understanding the interacting metabolic processes and the factors which control them. In the context of understanding comprehensively, the profiling of microbe community based on bacterial genes should focus more on metabolically active microorganisms.
